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INTRODUCTION 

Clinical  literature  suggests  that  steroid  hormones  may  play  a  role  in  NF1  since 
neurofibroma  growth  shows  some  parallels  with  hormonal  changes  (Dugoff  and  Sujansky, 
1996).  For  example,  many  patients  develop  neurofibromas  at  puberty,  pregnancy  often 
increases  tumor  size/number,  women  with  NF1  may  have  a  higher  risk  of  malignancy  and 
a  higher  neurofibroma  burden,  and  neurofibroma  development  often  slows  in  older 
adults.  The  steroid  hormone  field  is  being  intensely  researched  in  many  types  of  cancer, 
but  virtually  nothing  is  known  about  these  pathways  in  normal  or  NFl-tumor  derived  \ 
Schwann  cells.  Schwann  cells  comprise  the  bulk  of  these  tumors,  in  which  a  large 
percentage  are  somatically  mutated  and  clonally  expanded  (Rutkowski  et  al.,  2000; 

Wallace  et  al.,  2000;  Serra  et  al.,  2000). 

Our  goal  is  to  characterize  the  growth  responses  of  human  normal  and  NF1  tumor 
Schwann  cells  (neurofibromin-negative)  to  steroid  hormones,  focusing  on  estrogen  and 
progesterone.  The  hypothesis  is  that  human  neurofibroma  (and  MPNST)  Schwann  cells 
have  increased  hormone  responsiveness  compared  to  normal  Schwann  cells,  leading  to 
tumor  growth.  The  role  of  the  hormone  receptors  is  a  growing  topic  in  cancer  research, 
but  little  is  known  about  these  in  normal  or  NF1  Schwann  cells. 

In  Specific  Aim  1,  we  will  determine  steroid  hormone  receptor  expression  in  human 
normal,  NF1  neurofibroma,  and  NF1  MPNST  Schwann  cells,  pre-  and  post-hormone 
treatment  by  studying  archived  material  and  cell  culture  materials.  We  have  a  number  of 
NF1  tumor-derived  enriched  Schwann  cell  cultures  that  have  been  found  to  lack 
neurofibromin  and  will  be  the  basis  for  this  work  (Muir  et  al.,  2001).  In  Specific  Aim  2,  we 
will  test  in  vitro  responses  (proliferation  and  cell  survival)  of  cultured  human  Schwann 
cells  from  normal  nerve,  NF1  neurofibromas  and  NF1  MPNSTs,  to  estrogen  and 
progesterone  and  their  antagonists.  Specific  Aim  3  will  test  in  vivo  responses  (proliferation 
and  survival)  of  NFl-derived  tumor  Schwann  cell  lines  to  estrogen  and  progesterone, 
through  a  xenoplant  model  in  Nfl  / scid  mice. 

Regardless  of  the  data  that  emerge,  whether  showing  positive  or  negative  or  mixed 
response,  this  will  be  an  important  step  in  scientific  knowledge  about  the  role  of  these 
hormones  in  NF1.  This  will  have  impact  on  patients  who  are  candidates  for  hormone 
therapies,  and  may  lead  to  new  targets  for  anti-tumor  therapies. 
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Task  1.  To  characterize  the  steroid  hormone  receptor  profile  in  24  normal  and  NF1 
tumor  Schwann  cell  cultures  pre-  and  post-hormone  treatment  (months  1-30). 


Progress  on  Task  la:  "To  measure  initial  expression,  RNA  from  cells  grown  under  normal 
culture  conditions  will  undergo  semi-quantitative  RT-PCR  to  evaluate  transcript  levels  of 
steroid  receptors,  a  quantitation  control,  and  selected  downstream  targets.  Primary  tumor 
samples  corresponding  to  cultures  will  be  surveyed  as  well.  Immunohistochemistry  of 
primary  tumor  sections  will  also  be  done  with  for  receptors  showing  transcripts  (months 
1-12)." 


Thus  far,  10  tumor  RNA  samples  (3  primary,  7  cultures  grown  under  standard 
conditions,  and  2  normal  Schwann  cell  cultures)  have  been  analyzed  for  estrogen  receptor 
alpha  (ERa),  estrogen  receptor  beta  (ERb),  progestrone  receptor  (PR),  and  androgen 
receptor  (AR)  expression  through  use  of  real-time  PCR  (Roche  Light  Cycler),  normalized 
with  respect  to  the  HPRT  housekeeping  gene  and  one  of  the  normal  cell  lines.  The  studies 
were  done  in  triplicate  and  averaged,  to  ensure  consistency  of  data.  The  table  below 
shows  the  results,  where  blanks  indicate  PCR  reactions  that  did  not  work.  In  summary, 
overall  there  were  no  dramatic  changes  in  expression  compared  to  normal.  For  ERa,  about 
half  of  samples  showed  slight  decrease  and  half  showed  slight  increase.  ERa  is  the 
receptor  though  to  be  most  involved  in  positive  proliferation  signals  in  other  tissues,  such 
as  breast.  Of  possible  interest,  the  lowest  ERa  signal  was  in  a  sarcoma  (MPNST)  line.  The 
same  observation  was  seen  for  ERb,  where  about  half  of  samples  had  minor  increases  and 
others  had  slight  decreases.  ER  beta's  roles  are  still  being  discovered  in  other  tissues,  and 
it  appears  it  can  have  complex  functions.  Progesterone  receptor  seemed  to  show  uniform 
increases  in  all  samples,  with  one  sample  having  twice  the  normal  amount  of  transcript 
compared  to  normal,  the  largest  difference  seen  in  any  of  the  work  thus  far.  AR  also 
showed  a  mixed  pattern.  None  of  the  changes  correlated  with  gender  of  the  sample. 

These  preliminary  data  indicate  that  the  expression  differences  in  primary  or  cultured  cells 
from  NF1  tumors,  without  hormonal  treatment,  are  very  minor,  almost  all  less  than  2-fold. 
More  samples  will  be  done  to  add  to  these  data,  including  RNA  from  normal  female 
Schwann  cells  recently  obtained.  Also,  we  are  attempting  to  immunostain  archived 
primary  tumor  sections  to  correlate  with  the  RT-PCR  data.  However,  it  is  clear  that  these 
receptors  are  expressed  at  very  low  levels,  and  the  first  few  immunohistochemistry  assays 
for  PR  and  ERa  appeared  negative  in  the  NF1  samples  despite  the  positive  controls  being 
quite  strong,  and  despite  use  of  fresh  tissue  blocks  and  sections.  Thus,  a  protein-based 
approach  may  not  be  sensitive  enough  to  measure  these  molecules. 
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Table  1:  Light  Cycler  real-time  PCR  data.  The  first  3  samples  are  primary  RNAs,  the  next 
7  are  from  tumor  Schwann  cell  cultures,  and  the  last  2  are  from  normal  (non-NFl)  cultures, 
all  treated  under  standard  culture  conditions.  Results  are  shown  in  values  normalized  to 
the  normal  pn97.3  data. 
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1 

1 

1 

1 
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M 
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1.0209 

1.1253 

0.8297 

Progress  on  Task  lb:  "Cultures  treated  in  Task  2  will  be  analyzed  with  RT-PCR  as  above, 
(months  3-30)." 

As  above,  the  same  studies  will  be  performed  on  the  treated  Schwann  cell  cultures. 
These  treatments  (as  part  of  Task  2)  are  just  now  underway  and  so  the  RNA  samples  are 
being  accumulated. 


Progress  on  Task  lc:  "Cultures  positive  for  receptors  by  RT-PCR  (pre-  and/ or  post¬ 
treatment)  will  be  analyzed  by  Western  blot  and  immunofluorescence  (months  3-30)." 

Conditions  necessary  for  Western  blot  and  immunofluorescence  are  being  worked 
out  now.  As  indicated  above  from  preliminary  immunohistochemistry,  it  is  possible  that 
protein-level  analyses  may  not  be  sensitive  enough  for  these  molecules,  although  the 
resources  (fixed  chamber  slides  from  cultured  cells,  protein  extracts  from  treated  cultures) 
are  being  accumulated,  so  that  this  work  will  be  attempted  once  sufficient  samples  are  in 
hand  for  periodic  batching. 


Task  2.  To  measure  cultures'  proliferative  and  apoptotic  response  to  hormone  and 
SERM/antagonist  treatment  (months  1-30). 

Progress  on  Task  2a:  "Cultures  will  be  treated  with  hormones /SERMs  separately  and 
proliferative  response  measured  with  BrdU  assay,  and  cell  survival  measured  by  counting 
and  TUNEL  assay,  (months  3-18)." 
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The  BrdU  proliferation  assay  conditions  and  system  were  established  for  normal 
human  Schwann  cells,  which  showed  that  1%  serum  is  ideal  for  replicating  baseline 
proliferation  rates.  Rat  Schwann  cells  and  MCF-7  (breast  cancer)  cells  were  next  used  as 
preliminary  controls,  with  the  rat  Schwann  cells  showing  no  response  to  estradiol  or 
ICI182780  (the  estradiol  antagonist).  The  MCF-7  cells  showed  strong  proliferation  to 
estradiol  as  expected,  and  inhibition  with  addition  of  the  antagonist. 

The  proliferation  assays  of  tumor  samples  have  just  gotten  underway.  The  first 
culture  studied  was  sNF96.2  (an  MPNST),  with  estradiol  and  progesterone  concentrations 
ranging  from  0-100  nM,  ICI182780  at  1  uM,  and  controls  and  replicates  employed  as 
described  in  the  proposal.  No  statistically  significant  change  in  proliferation  rate  was  seen 
under  any  treatment,  using  the  chi-square  test.  RNA  and  protein  were  saved  at  time 
points  0,3  and  7  days,  for  the  analyses  above.  Study  of  other  cultures  is  now  underway 
and  should  progress  well.  The  first  attempt  at  the  TUNEL  apoptosis  assay,  using  the  same 
cells  and  a  kit  from  Promega,  failed  due  to  tissue  culture  problems.  However,  this  has 
been  remedied  and  should  progress  in  step  with  the  proliferation  assays. 


Progress  on  Task  2b:  "Cultures  showing  a  response  will  undergo  dose  response  testing, 
and  assays  in  (a)  will  be  repeated  using  combinations  of  appropriate 
hormones/SERMs/antagonists.  (months  12-30)." 

Not  yet  begun. 


Progress  on  Task  2c:  "Statistical  analysis  (months  24-36)." 

Not  yet  begun,  other  than  analysis  of  individual  culture  responses. 


Task  3.  To  assay  for  in  vivo  proliferative  or  survival  response  of  tumor  cells  to  estrogen 
and  progesterone,  (months  12-36). 

Progress  on  Task  3a:  "Select  6  tumor  and  2  normal  Schwann  cell  cultures  (in  part  based  on 
in  vitro  results)." 

Since  in  vitro  results  are  not  yet  complete,  we  have  not  fully  selected  all  cultures  for 
the  in  vivo  work,  but  nonetheless  will  begin  with  the  MPNST  studies  since  we  have  so  few 
of  those  cultures  that  these  would  obviously  be  chosen.  Selection  of  the  subsequent 
cultures  (plexiform  and  dermal)  will  be  based  on  in  vitro  data  and  real-time  PCR  data. 


Progress  on  Task  3b:  "For  each  culture,  sterilize  15  scid  mice  heterozygous  for  an  Nfl 
mutation,  inject  cells,  and  treat  mice  with  estrogen,  progesterone,  or  placebo." 

The  colony  of  Nfl /scid  mice  is  doing  very  well  and  should  provide  an  adequate 
number  of  female  mice  on  a  fairly  constant  basis.  The  postdoctoral  fellow  hired  to  do  this 
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work  (arrived  in  April)  has  perfected  the  surgery  and  hormone  pellet  implant  techniques, 
and  has  just  begun  with  our  first  culture,  an  MPNST.  6  mice  have  been  treated  thus  far, 
with  cells  injected  into  both  sciatic  nerves.  Thus,  this  task  is  slightly  ahead  of  schedule. 


Progress  on  Task  3c:  "Perform  proliferation  assay  (Ki6 7  staining)  and  TUNEL  assay  on 
xenoplants  by  analysis  of  tissue  section,  and  statistical  analysis." 

Not  yet  underway  (treated  animals  must  be  2  months  post-op  prior  to  sacrifice  and 
study  of  treated  nerves). 


KEY  RESEARCH  ACCOMPLISHMENTS 

•  Determined  that  the  basal  steroid  receptor  levels  in  normal  and  NF1  neurofibroma 
Schwann  cells  are  very  low  (supported  by  real-time  PCR  and  immunohistochemistry 
data),  and  that  the  tumor  cells  do  not  show  dramatic  changes  in  the  levels  of  these 
receptor  transcripts. 

•  Perfected  most  of  the  in  vitro  and  in  vivo  techniques  for  Aims  2  and  3. 


REPORTABLE  OUTCOMES 

There  are  no  reportable  outcomes  yet,  this  being  the  first  year.  And  in  fact,  there  was  a 
delay  in  beginning  this  work,  due  to  administrative  miscommunications  at  my 
university— the  funds  for  this  work  were  not  released  to  me  until  November,  and  so  the 
data  actually  represent  8-9  months  effort  rather  than  12. 


CONCLUSIONS: 

Although  still  preliminary,  the  data  currently  suggest  that  steroid  hormone  receptor 
profiles  in  normal  and  NF1  tumor  Schwann  cells  are  low  and  may  not  be  very  different, 
and  that  any  changes  vary  from  patient  to  patient  (some  up,  some  down).  In  Table  1,  two 
of  the  dermal  cultures  are  from  tumors  from  the  same  patient  (surgery  at  the  same  time), 
and  it  is  interesting  that  their  data  are  very  similar.  This  suggests  that  there  may  be  little 
variation  between  the  same  types  of  tumors  in  an  individual,  which  is  very  important  for 
future  therapies;  delivery  of  a  systemic  drug  to  affect  steroid  signaling  might  not  be  a  good 
strategy  if  patients'  tumors  have  variable  receptor  profiles  and  thus  might  respond 
differently.  We  will  analyze  a  few  more  tumor  sets  from  the  same  patients  to  see  if  this 
trend  continues.  Also,  the  work  to  study  the  response  of  these  cells  to  hormones  and 
antagonists  is  now  underway.  Even  though  there  appears  to  be  generally  low  expression, 
and  small  basal  receptor  level  differences  in  tumors,  it  is  entirely  possible  that  these  small 
changes  may  be  functionally  very  significant  under  the  influence  of  hormones— our  work 
will  test  this  theory  using  in  vitro  and  in  vivo  approaches.  We  have  shown  that  one 
MPNST  (from  a  male)  does  not  respond  proliferatively  in  cell  culture  to  steroid  hormones; 
it  will  be  interesting  to  see  if  that  pattern  is  also  true  of  a  female  MPNST  line  now  under 
study,  as  well  as  the  other  cell  cultures  to  be  done  this  year.  We  are  striving  toward  the 
first  laboratory-based  NF1  data  about  human  cell  steroid  hormone  responses,  which  will 
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provide  a  rational  basis  for  medical  decisions  about  hormone  therapies  in  NF1  patients 
(e.g.  hormone  replacement,  birth  control  pills,  cancer  treatments — will  neurofibromas  be 
aggravated  by  these  therapies?),  and  also  test  whether  the  steroid  hormone  system  is  a 
good  target  for  specific  tumor  growth  control. 
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